Elementary description and information on a grid-connected photovoltaic solar power plant (PV plant) of 2 kW p installed in Niš and the influence of meteorological parameters on its operation are given in this paper. Besides, experimental results of the calculation of the energy efficiency, electrical energy generated and output power of this PV plant operating in the real climate conditions in 2017 are presented. The results regarding climate parameters and characteristic performance parameter of 2 kW p PV plant in Niš in 2017 are discussed and it was found that in 2017 annual energy efficiency of this PV plant was 10.63% and it decreased with the ambient temperature increasing.
INTRODUCTION

Right
 from the beginning the solar power, especially photovoltaic (PV), presents one of the most dominant renewable energy in the world. Solar energy, in particular, photovoltaic (PV) arrays, can fulfill all the electricity needs of mankind. PV systems have been used to supply electrical energy to the millions of people that do not have access to networks (Tobnaghi & Vafaei, 2016) . Electric power supply to remoter households or villages is substantially application of PVs for many incoming years. Over the past two decades, installed off-grid and/or ongrid PV systems have shown their great potential (Pavlović et al., 2013) . Number of installed PV systems has rapidly increased. Over recent years worlwide investment in the research of the PV conversion of solar radiation into electricity aiming at the production of high quality, cheap solar modules and other PV systems components has been increasing. Worldwide more and more companies, research and development centers and organizations are competing in research, promotion and production of the PV systems . Up to date worldwide several thousonds of PV systems power of 1 kW to several hunderds of megawatts have been installed. The performance and operation of a PV system are dependent upon many site-specific factors such as geographical position, season, cloudiness, air pollution and especially ambient temperature (Shravanth et al., 2016) . In this study the operation of a gridconnected PV plant installed at the Faculty of Science and Mathematics (FSM) in Niš, Republic of Serbia, were investigated, in particular with respect to the temperature effect. The findings of this study are expected to be useful information for energy yield prediction and loss analysis of the PV systems, especially in moderate continental climate regions.
PHOTOVOLTAIC SOLAR POWER PLANT IN NIŠ
In October, 2012 on the roof of the FSM in Niš a gridconnected PV plant power of 2 kW p , was installed (Fig.1) . The main components of this plant are solar modules, inverter, DC and AC distribution boxes and network connector. This PV plant consists of 10 solar modules made of monocrystaline silicon, single power of 200 W. Solar modules are fixed on the metal bracket, inclined at 32º towards the South, mounted on the roof of the Faculty and serial interconnected in a string. By appropriate conductors solar modules are connected to DC distribution box, single phase inverter power of 2 kW, AC distribution box and the city electrical network. At the output of AC distribution box there is AC voltage 230V, 50Hz . Milosavljević et al., 2016) .
Inverter and additional equipment for the functioning and monitoring of PV plant are placed in the Solar Energy Laboratory, inside the Faculty (Fig.2) . The solar radiation intensity, solar energy, wind speed and the ambient temperature in Niš were measured by Sunny SensorBox. The Sunny SensorBox is connected with Sunny WEBBox through SMA Power Injector with Bluetooth. In combination with Sunny WebBox, it provides a continuous target-actual comparison of system performance Milosavljević et al., 2016) .
EXPERIMENT
Variations in the climate, ambient temperature and solar irradiation from month-to-month affect on the performance parameters and operation of PV plant. Therefore, it is very substantially to define which characteristic performance parameters are suitable for which system evaluations based on their weather and climate dependence (Pantić et al., 2016) . One of the major causes for the decreased performance of modules is overheating. The efficiency of a solar cell declines by about 0.5% for every 1 degree Celsius increase in temperature. The most important parameter considered for the performance evaluation of the PV solar plant is the photovoltaic effective conversion efficiency in operative conditions, which affects the electrical energy generation and thus the most valuable product of the component (Hamrouni et al., 2008) .
The conversion efficiency of a photovoltaic solar cell or modul is the percentage of the solar energy exposing on a PV system that is converted into usable electricity. Energy efficiency of PV plant indicates a ratio of the electricity generated by PV plant at certain point of time and the solar energy falling on the solar modules at the same point of time Milosavljević et al., 2016) .
Monthly energy efficiency of PV plant is calculated by means of the Eq. (1) (Chioncel et al., 2010; Attari. et al., 2016;  https://www.nrel.gov/docs/fy05osti/37358.pdf;http://www.irena. org/DocumentDownloads/events/2013/March/Palau/4_System_ Design_Guidelines.pdf):
where n -is a number of days in a month, E D -is a total amount of electricity generated by PV plant and transmitted to the network grid during the day (Wh), G opt -is a total amount of energy of the global solar irradiation falling during the day on square meter of solar modules of PV plant (Wh/m 2 ) and S -is a total solar modules surface (PV array area) (m 2 ).
This experiment was performed in the Solar Energy Laboratory at the FSM in Nis. Experimental energy efficiency of PV plant is calculated by entering into the Eq. (1) measurement data of the daily amount of electrical energy produced by PV plant and measurement data of solar energy falling during the day on PV array area.
RESULTS AND DISCUSSION
In this section the experimental measurement data of meteorological parameters and some characteristic performance parameter of the 2 kW p PV plant at FSM in Niš for the measured period from January 1, 2017 to January 1, 2018 are analyzed and discussed.
The change of the energy of solar radiation (G opt ) falling on a square meter of the surface oriented southward, at the angle of 32° in relation to the horizontal surface, is presented in Figure 3 . In 2017 average montly values of the ambient temperature T amb varied from the lowest value of -3.358°C in January to the highest value of 26.076°C in July. The average anual value of the ambient temperature is 14°С. In the same period average montly values of the wind speed v range from 0.00 m/s to 0.019 m/s.
The change of the mean values of output power of PV solar plant of 2 kW p is presented in Figure 6 . Total monthly amount of the electrical energy produced by PV plant of 2 kW p in 2017 is shown in Figure 7 . Figure 7 . shows that the total monthly amounts of the electrical energy produced by PV plant of 2 kW p in 2017 varied from 69.415 kWh to 284.994 kWh.
Graphics of the changes in the experimental values for the total monthly amount of the electricity produced by PV plant (E) depending on the measured montly values of the solar energy (G opt ) received by PV array area during the 2017, is presented in Figure 8 .
The major changed by temperature was output voltage which reduces with the increased solar module temperatures. Decrease in output voltage affects the output power of solar module can not be generated effectively even there has increases of the output current. Furthermore, the efficient operation of solar modules and therefore PV plant also decreases with the increasing of solar module temperatures (Shiva & Sudhakar, 2015; Jahn & Nasse, 2004; Eltawil & Zhao, 2010) . Graphics of the change of the monthly energy efficiency (η M ) of PV solar plant of 2 kW p during the measured period is presented in Figure 9 . Figure 9 . shows that the experimentally determined monthly values of the energy efficiency (η M ) of PV plant varied from 8.53% (in July) to 13.74% (in January), in 2017. The temperature of solar module is increased with increase in solar PHYSICS radiation level, as it starts increase above its rated temperature the efficiency goes on reducing. Consequently, the energy efficiency of PV plant is the lowest in the summer months. Figure 9 . Graphics of the change of the monthly energy efficiency (η M ) of PV solar plant of 2 kW p during the measured period.
Graphics of the monthly energy efficiency (η M ) of PV plant depending on the measured ambient temperature (T amb ), in 2017, is given in Figure 10 . Energy efficiency of PV plant linearly decreases with increasing the ambient temperature, as shown in Figure 10 . Dependence of the energy efficiency of PV plant on the ambient temperature was obtained by a simple linear regression, based on the method of least squares. In this case, the characteristic regression equation is:
where η M -is the experimental energy efficiency of PV plant and T amb -is the ambient temperature for the territory of the town of Niš obtained by continuous measurements.
In the Eq. (2) regression coefficient -0.166909 represents slope in a regression model and it responds to the monthl average change of the expected value of dependent variable η M for the unit change of the independent variable T amb . Based on the data presented in Figure 10 . one can notice that energy efficiency decreases by 0.17% with the increase in the ambient temperature for 1°C.
Graphics of the changes in the experimental values for the energy efficiency (η M ) of PV plant depending on the measured values of the ambient temperature (T amb ), and solar energy (G opt ) received by its PV array area, is given in Figure 11 . The ambient and solar module temperature potential are conditioned by the solar radiation. High solar radiation induces the high ambient temperature. The solar module temperature increasing was due to higher insolation heating, low wind speed with the consequent low heat transferred from the module to the ambient. Accordingly, the energy efficiency (η M ) of PV plant of 2 kW p decreased with the ambient temperature increasing, as can be seen in Figure 11 .
CONCLUSION
Based on the presented results for the measured period from January 1, 2017 to January 1, 2018 it can be concluded that variations in climate, solar radiation and ambient temperature influence on the performance parameters and PV plant operating. The total energy of solar radiation reaching a square meter of the plane oriented southward, at the angle of 32° in relation to the horizontal plane, for the whole measuremet period, was 1445,189 kWh/m 2 and PV plant has received of 23975.76 kWh/m 2 of solar radiation. PV plant of 2 kW p has generated 2400.01 kWh of electrical energy and its annual energy efficiency was 10.63%.
PHYSICS
The ambient temperature is a very important factor in terms of solar module temperature. As the solar irradiation increased, temperature of solar module has also increased which is directly effect to solar module and therefore PV plant electrical efficiency to decrease. The ambient temperature increasing affects on the increasing of thermal vibration of cristal lattice atom of materials used to produce solar cells, which in turn impedes directed movement of free carriers of charging resultin in open circuit voltage decrease and solar cells power degradation. In this case, energy efficiency of PV plant of 2 kW p in Niš decreases by 0.17% for each 1°C increase in the ambient temperature.
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